We compared two chemotherapy regimens that included methotrexate (MTX), cisplatin (CDP), and doxorubicin (ADM) with or without ifosfamide (IFO) in patients with nonmetastatic osteosarcoma of the extremity.
INTRODUCTION
Probability of survival in patients with nonmetastatic osteosarcoma of the extremity has improved dramatically with the addition of chemotherapy tosurgicalremovalofthetumor. 1 Multiagentchemotherapy has been used since the 1970s, but a standard chemotherapy regimen has not yet been defined. 2 A previous clinical trial conducted by the Italian Sarcoma Group (ISG) and the Scandinavian Sarcoma Group (SSG), ISG/SSG-1, used the following four active drugs against osteosarcoma: methotrexate (MTX), cisplatin (CDP), doxorubicin (ADM), and ifosfamide (IFO).
3 ISG/SSG-1 involved an intensified chemotherapy treatment that included IFO delivered at a high dose (3 g/m 2 per day over a 5-day continuous infusion). 3 Results of the study showed that addition of high-dose IFO to MTX, CDP, and ADM was feasible, but survival rates were similar to those obtained with less intensive fourdrug regimens using standard-dose IFO.
A new study (ISG/OS-1) was subsequently designed by the ISG with the aim of optimizing the drug administration schedule. Two different chemotherapy regimens were compared, both based on the four active drugs given according to different schemes, but with the same cumulative doses. Protocols differed in terms of dose-intensity and modality of use of IFO. Final results of the ISG/OS-1 study are reported here.
PATIENTS AND METHODS

Study Design
ISG/OS-1 was a multicenter randomized trial comparing efficacy and toxicity of two chemotherapy regimens, both based on MTX, CDP, ADM, and IFO and with the same cumulative doses but administered according to different schemes. The protocols had a different dose-intensity and different modality of use of IFO. In arm A, IFO was given only postoperatively and in patients with poor histologic response to primary chemotherapy with MTX, CDP, and ADM. In arm B, IFO was delivered in all patients and in the primary phase of chemotherapy.
Random Assignment
The Istituto Ortopedico Rizzoli Ethic Committee secretariat was responsible for the random assignment procedures. For allocation of the participant patients, a computer-generated list of random numbers was used. Eligible patients were randomly assigned by fax to arm A or B.
Patient Selection
Eligibility criteria for entry onto the study were diagnosis of primary, central, high-grade osteosarcoma of the extremity; age Յ 40 years; and normal hepatic, renal, bone marrow, and cardiac function. The local ethics committees approved the protocol. After explanation of the research study and of the related procedures, a written informed consent was obtained from the adult patients or from legally authorized representatives if the patients were minors.
Representative histologic slides and radiographic images were centrally reviewed. Exclusion criteria were as follows: evidence of overt metastatic disease at diagnosis, previous treatment for osteosarcoma, medical contraindications to the drugs included in the protocol, and lack of availability for follow-up.
The primary tumor was evaluated on plain radiographs, computed tomography (CT) scans, and/or magnetic resonance imaging scans. Screening for metastases was by bone scintigraphy and CT scanning of the chest. Baseline studies included CBC, serum electrolytes, and glomerular filtration rate estimation; serum alkaline phosphatase and lactate dehydrogenase levels; bilirubin and aminotransferase levels; and echocardiography.
Treatment Plan and Follow-Up
Eligible patients underwent primary chemotherapy. Before surgery, CT and/or magnetic resonance imaging of the tumor and CT of the chest were repeated. After surgery, surgical margins were assessed according to Enneking et al, 4 and histologic analysis of the tumor map was performed in accordance with a method reported previously. 5 When the percentage of tumor necrosis was Ն 90%, patients were classified as good responders (GRs); when the percentage of tumor necrosis was lower, patients were defined poor responders (PRs). Diagnosis, histologic subtype, and histologic response were reviewed by an expert panel of pathologists. After completion of chemotherapy, patients were observed by x-ray of the operated limb and CT scan of the chest every 3 months for 2 years, at 4-month intervals during the third and fourth years, and subsequently every 6 months.
Chemotherapy
The CONSORT diagram is in Figure 1 , and the chemotherapy protocol is outlined in Figure 2 ) were the same in the two arms. The planned overall duration of treatment was 43 weeks for arm A (34 weeks in case of good histologic response) and 34 weeks for arm B. Details on chemotherapy administration are listed in Appendix Table A1 (online only).
Statistics
A total of 246 patients was required to detect a survival difference of 15% or higher at 5 years between the two groups (study power of 80%, type I error of 5%). With an expected enrollment rate of 45 to 50 patients per year, the recruitment period was set at 5 years.
The two arms were compared in terms of protocol compliance, toxicity, and survival. Compliance with the protocol was evaluated for each patient and was expressed in terms of relative received dose of each drug (cumulative received dose to cumulative protocol-planned dose [in milligrams per square meter] ratio). Furthermore, for each patient, the received dose-intensity (RD/I) was calculated by dividing the average of relative received cumulative doses by the relative chemotherapy duration (ratio between actual duration of chemotherapy treatment and protocol-planned duration). The t test was used for comparing protocol compliance between the two regimens.
Toxicity was graded according to the National Cancer Institute Common Toxicity Criteria (version 2.0). Toxicity was assessed by comparing grade 4 WBC and platelet toxicity, febrile neutropenia and hospitalization rate, RBC and PLT transfusions, and granulocyte colony-stimulating factors (G-CSF) requirement using Fisher's exact test.
Event-free survival (EFS) was calculated from the first day of chemotherapy to recurrence (local or distant), death from all causes, the appearance of secondary tumors, or the last follow-up examination. Overall survival (OS) was calculated from the first day of chemotherapy to death or the last follow-up examination. Survival curves in the two arms and according to the clinical characteristics and chemotherapy-related variables were calculated using the Kaplan-Meier method and compared using the log-rank test.
RESULTS
The ISG/OS-1 protocol was activated in April 2001 and closed in December 2006. Two hundred forty-six patients who met the eligibility criteria were randomly assigned (Fig 1) . Clinical characteristics were well balanced between the two arms ( Table 1) .
Treatment Compliance
Case report forms were incomplete for 15 patients (6%). An early progression was documented in eight patients during the primary phase. For the remaining 223 patients, the ratio between real and planned duration of the chemotherapy treatment was 1.1 Ϯ 0.3 for patients in arm A and 1.24 Ϯ 0.3 for patients in arm B (P ϭ .005). The median RD/I of the protocol was 0.82. The RD/I was 0.92 Ϯ 0.03 for patients in arm A and 0.74 Ϯ 0.05 for patients in arm B (P ϭ .02).
Toxicity
Four patients died of causes unrelated to the disease. Two boys, age 11 (arm A) and 14 (arm B) years old, developed an acute, fatal cardiomyopathy. The first patient developed acute cardiomyopathy during an episode of febrile neutropenia after the last CDP cycle. The second patient developed acute cardiomyopathy during the last administration of MTX. Both patients received the cumulative dose of ADM of 420 mg/m 2 . The echocardiograms performed before ADM administration were in a normal range.
One patient (arm B) died of a disseminated intravascular coagulation that complicated a sepsis possibly related to a surgical infection. One patient (arm B) died of Stevens-Johnson syndrome that arose during an episode of febrile neutropenia.
After high-dose MTX, one patient (arm B) experienced acute renal failure that required a transient dialysis treatment. He is presently alive with mild renal impairment. In seven patients (arm A, n ϭ 3; arm B, n ϭ 4), mild to moderate renal toxicity was reported that Besides the two deaths already reported, in 11 patients (arm A, n ϭ 7; arm B, n ϭ 4), a reduction of ejection fraction of more than 10% compared with the baseline value was observed. In four patients (arm A, n ϭ 3; arm B, n ϭ 1), the reduction of the ejection fraction was associated with clinical evidence of cardiomyopathy. These four patients are all presently alive and under cardiologic treatment.
In 1,553 cycles of MTX evaluated, the incidence of delayed excretion was 7.6% in arm A and 8.2% in arm B. In only four patients (arm A, n ϭ 2; arm B, n ϭ 2), delayed excretion of MTX was associated with persistent renal impairment (in one patient, transient dialysis was required).
Data on hematologic toxicities are listed in Table 2 . Patients treated in arm B had a significantly higher incidence of grade 4 leukopenia and thrombocytopenia and more frequently experienced febrile neutropenia requiring more frequent hospitalization, RBC and or platelet transfusions, and the use of G-CSF. A higher incidence of hematologic toxicity was also observed in arm B when the analysis was restricted to patients in arm A who received all four drugs (data not shown).
Surgery and Histologic Response
Two patients, one in arm A and one in arm B, did not undergo surgery because of an early systemic progression of the disease. Of the remaining 244 patients, 230 (94%) underwent conservative surgery, 12 (5%) underwent amputation, and two (1%) underwent rotationplasty. Surgical margins, reported in 215 patients, were adequate (radical or wide) in 204 patients (95%) and marginal in 11 patients (5%). No differences were observed between the two arms (Appendix Table  A2 , online only).
Chemotherapy-induced tumor necrosis was rated as good in 45% of patients (110 of 244 patients). The GR rate was 48% in patients treated in arm A and 42% in patients treated in arm B (P ϭ .3). The GR rate did not differ according to sex and age but was lower in chondroblastic subtype (Appendix Table A3 , online only).
Follow-Up
A total of 176 patients (71.5%) were alive with a median follow-up time of 76 months (range, 31 to 115 months), and the 5-year probability of OS was 74% (95% CI, 68% to 79%). Patients in arm A had a 5-year OS of 73% (95% CI, 65% to 81%), whereas patients treated in arm B had a 5-year OS of 74% (95% CI, 66% to 82%; P ϭ .6; Fig 3) .
One hundred forty-four patients (58.5%) were continuously event free. Tumor progression (local or distant) was reported in 95 patients (39%), four patients died of toxicity, and three patients experienced a second malignant neoplasm (acute lymphoblastic leukemia in two patients and colon cancer in one patient). Local recurrence was reported in 18 patients (in five patients, combined with metastasis). The 5-year probability of EFS was 60% (95% CI, 53% to 66%). Patients in arm A had a 5-year EFS of 64% (95% CI, 56% to 73%), whereas patients treated in arm B had a 5-year EFS of 55% (95% CI, 46% to 64%; P ϭ .2; Fig 3) .
EFS was lower when alkaline phosphatase and lactate dehydrogenase (LDH) were elevated, whereas EFS did not differ according to sex, tumor site, and histologic subtype (Table 3) . GR patients had a significantly better probability of EFS compared with PR patients (Table 4) . Five-year EFS was 69% (95% CI, 60% to 78%) for GRs and 52% (95% CI, 44% to 61%) for PRs (log-rank P ϭ .001). Protocol compliance had no impact on EFS (Table 4) . Multivariate analyses (via Cox regression) were performed. LDH (high LDH: relative risk, 1.9; 95% CI, 1.17 to 3.1; P ϭ .009) and histologic response (GR: relative risk, 0.6; 95% CI, 0.38 to 0.98; P ϭ .04) independently influenced EFS.
DISCUSSION
In patients with high-grade osteosarcoma, chemotherapy was first used in the early 1970s. 6 Since then, several schemes of multiagent chemotherapy have been assessed, but at present, there is no agreement on a standard chemotherapy regimen.
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In our study, we compared two different chemotherapy regimens based on the four active drugs against osteosarcoma, and in particular, we focused on the role of IFO. The drug was used only in case of poor histologic response to the MTX-CDP-ADM regimen (arm A) or was added to MTX-CDP-ADM in all patients in the primary phase of chemotherapy (arm B).
The two regimens had a significantly different hematologic toxicity. Patients treated in arm B were more frequently hospitalized because of a higher incidence of neutropenic fever and need of transfusion support. More frequently, patients in arm B required the use of G-CSF. The fact that approximately 50% of patients treated in arm A did not receive IFO is an important factor but is not the only factor that might explain the different hematologic toxicity. It is important to highlight that, when comparison is made considering only patients in arm A who received IFO, hematologic toxicity still remains significantly higher in arm B. This fact clearly indicates the importance of the administration modality of the drugs and the direct relation between dose-intensity of treatment and hematologic toxicity, which, in our study, was not compensated by a higher use of G-CSF. Toxicity observed in arm B had a direct influence on protocol compliance, which was lower than the compliance reported for arm A. Postoperative chemotherapy Preoperative chemotherapy . GR, good histologic response; PR, poor histologic response.
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A better protocol compliance did not translate to better survival. This is in agreement with the European Osteosarcoma Intergroup and Cooperative Osteosarcoma Study Group experiences regarding the absence of impact on survival of the RD/I in patients with nonmetastatic osteosarcoma. 7, 8 A similar probability of survival was obtained in the two arms. On the basis of the results of the ISG/OS-1 study, arm A is presently the chemotherapy treatment recommended by the ISG for patients with nonmetastatic osteosarcoma of the extremity outside of clinical trials.
These data are in agreement with those reported in previous studies in which the four drugs had been used.
3,9-12 A slightly higher probability of survival was reported only in one of the four randomly assigned arms of the last INT-0133 study. 13 Patients treated with MTX-CDP-ADM plus IFO with the addition of the immunostimulating agent mifamurtide achieved a 6-year probability of survival of 81%. In accordance with previous publications, 14,15 a good histologic response was predictive of survival in ISG/OS-1.
Our study provides additional information on pathologic response in osteosarcoma because of the possibility of comparing two Abbreviations: G-CSF, granulocyte colony-stimulating factor; PLT, platelet. different schemes of primary chemotherapy. No differences were observed between the two arms, and the addition of IFO to MTX-CDP-ADM did not influence the rate of GR. The two arms were well balanced in terms of factors influencing histologic response such as age and histologic subtypes. 16, 17 The percentage of patients who underwent conservative surgery was 94%; the more intensive four-drug primary treatment did not allow a higher resection rate compared with the MTX-CDP-ADM regimen. These data do not support the use of IFO added to MTX-CDP-ADM in primary chemotherapy of nonmetastatic osteosarcoma of the extremity, at least with the dose and schedule used in our study.
A strategy based on an interval compression in patients with osteosarcoma has been assessed by the European Osteosarcoma Intergroup. 18 The authors reported that intensification of chemotherapy increased RD/I and resulted in an increased response rate, but this did not translate into a better survival compared with the standard chemotherapy arm. These results do not support an interval compression in osteosarcoma.
Results of the present study allow a better understanding of the role of IFO in patients with nonmetastatic high-grade osteosarcoma. Its use in the primary phase added to MTX-CDP-ADM is not recommended, and it is associated with greater hematologic toxicity.
Similar conclusions might be drawn from the results of the INT-0133 study. 13 In the Children's Cancer Group-Pediatric Oncology Group study, patients treated with MTX-CDP-ADM, without the addition of mifamurtide, had a better 6-year EFS (64%) compared Abbreviations: EFS, event-free survival; LDH, lactate dehydrogenase; NOS, high-grade osteosarcoma not otherwise specified; OS, overall survival; SAP, serum alkaline phosphatase. Abbreviations: EFS, event-free survival; GR, good responder (tumor necrosis Ն 90%); OS, overall survival; PR, poor responder (tumor necrosis Ͻ 90%); RD/I, received dose-intensity.
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www.jco.org with patients treated with the four-drug combination (MTX-CDP-ADM-IFO), who had a 6-year EFS of 58%. The probability of survival at 6 years was 71% with the three-drug regimen and 70% with the four-drug regimen. It is interesting to observe that despite the differences in terms of cumulative dose and schedule between the American study and our study, survival results are similar. This fact reinforces the doubt that IFO is needed in first-line chemotherapy in patients with nonmetastatic osteosarcoma of the extremity. In the interpretation of the results of our study, some limitations havetobeconsidered.Thesamplesizewascalculatedtodetectadifference in survival between the two arms of 15% or more. In addition, on the basis of previous clinical trials of adjuvant chemotherapy, this percentage may be considered high. This choice was determined by the expected annual enrollment rate of eligible patients by the ISG.
In arm A, IFO was given only in patients with poor response to MTX-CDP-ADM in an attempt to improve their survival. The chemotherapy scheme of arm A was based on a previous protocol (IOR/ OS-2) in which IFO was used only in PRs to primary chemotherapy with MTX-CDP-ADM. In that study, we reported a difference of 11% in terms of EFS between GRs and PRs who received postoperative IFO (5-year EFS: GR, 67%; PR, 56%).
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In ISG/OS-1, EFS probability was higher in GR patients compared with PR patients who also received IFO. The study was not designed to explore IFO as salvage chemotherapy in PR patients, and no conclusions in this direction can be drawn. We must keep in mind that a recent SSG report 13 failed to show an advantage when IFO added to MTX-CDP-ADM was used in PR patients. In the Scandinavian study, the dose of IFO was similar to that adopted in our study. It is possible that a higher dose or a different schedule might be beneficial in PR patients. A more definitive conclusion could probably come from the results of the EURAMOS-1 study 20 where patients who are PRs to MTX-CDP-ADM are randomly assigned to receive or not to receive IFO and etoposide.
The addition of IFO to MTX, CDP, and ADM in the preoperative phase does not improve the rate of patients with a good histologic response and increases hematologic toxicity. IFO should only be considered in patients who have a poor histologic response to MTX, CDP, and ADM.
AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST
